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(54) Coin discriminating apparatus 

(57) A coin discriminating apparatus includes a coin 
passage member for supporting a lower surface of a 
coin, a first transporting belt disposed above the coin 
passage member for holding the coin between the coin 
passage member and itself, thereby transporting it, a 
first light source for emitting light via a first transparent 
passage portion formed in the coin passage member 
toward the lower surface of the coin on the coin passage 
member, a first light detector for photoelectrical^ 
detecting light emitted from the first light source and 
reflected from the lower surface of the coin via the first 
transparent portion and producing pattern data of the 
lower surface of the coin, a second transporting belt for 
supporting the lower surface of the coin, a coin passage 
forming member disposed above the second transport- 
ing belt for holding the coin between the lower surface 
thereof and the second transporting belt, thereby trans- 
porting it, a second light source for emitting light via a 
second transparent passage portion formed in the coin 
passage forming member toward an upper surface of 
the coin being supported and transported by the second 
transporting belt, a second light detector for photoelec- 
trically detecting light emitted from the second light 
source and reflected from the upper surface of the coin 
via the second transparent portion and producing pat- 
tern data of the upper surface of the coin, a first pattern 
data memory for storing the pattern data of the lower 
surface of the coin, a second pattern data memory for 
storing the pattern data of the upper surface of the coin, 
a reference pattern data memory for storing reference 
pattern data of coins of each denomination, a discrimi- 
nator for comparing the pattern data of the lower sur- 
face of the coin with the reference pattern data of coins 



of each denomination and comparing the pattern data 
of the upper surface of the coin with the reference pat- 
tern data of coins of each denomination, thereby dis- 
criminating whether or not the coin is acceptable and 
the denomination of the coin. According to the thus con- 
stituted coin discriminating apparatus, it is possible to 
discriminate whether or not coins are acceptable and 
the denominations of coins with high accuracy even 
when the coins has a common pattern on one side sur- 
face thereof but a different pattern on the other side sur- 
face thereof like Euro coins. 

Fig.1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a coin dis- 
criminating apparatus and, in particular, to a coin dis- 
criminating apparatus for reliably discriminating whether 
or not coins are acceptable, whether or not coins are 
damaged to higher than a predetermined level and the 
denominations of coins by optically detecting coin sur- 
face patterns. 

DESCRIPTION OF THE PRIOR ART 

[0O02] Conventionally, it is discriminated whether or 
not coins are acceptable, namely, whether coins are 
genuine or counterfeit and whether or not coins are cur- 
rent coins by detecting the diameter, material, thickness 
and the like of the coins. However, a coin discriminating 
apparatus for discriminating coins by optically detecting 
coin surface patterns has been recently proposed in 
order to improve the discriminating accuracy. 
[0003] For example, Japanese Patent Application 
Laid-Open No. 8-36661 proposes a coin discriminating 
apparatus which is provided with a magnetic sensor dis- 
posed in a coin passage for detecting magnetic proper- 
ties of coins, a number of fight emitting elements such 
as light emitting diodes for projecting light onto coins 
being transported on a transparent passage portion 
formed in the coin passage from the lower portion and a 
CCD (Charge Coupled Device) for photoelectrically 
detecting light emitted from the light emitting elements 
and reflected by the surface of a coin and discriminates 
whether or not coins are acceptable and the denomina- 
tions of coins based on image pattern data of coins pho- 
toelectrically detected by the CCD and digitized. 
[0004] One side surface of Euro coins issued fol- 
lowing by the currency unification in Europe is formed 
with a common pattern for each denomination and the 
other side surface thereof is formed with a pattern which 
differs depending upon countries issuing Euro coins. 
Therefore, when Euro coins are required to be classified 
in accordance with issuing countries of Euro coins in the 
Federal Banks or the like, since the above-mentioned 
coin discriminating apparatus discriminates coins by 
optically only surface patterns of one side of coins, it is 
impossible to classify Euro coins in accordance with 
issuing countries of Euro coins. 

[0005] Further, since the above-mentioned coin dis- 
criminating apparatus discriminates coins by optically 
only surface patterns of one side of coins, even when 
the coin side surface whose pattern is not detected is 
damaged to higher than a predetermined level, such a 
coin cannot be discriminated as a damaged coin. 
[0006] Moreover, in the case where a surface pat- 
tern of one side of a coin is detected by projecting light 
onto one surface of the coin being transported in a coin 
passage, it is impossible to detect a surface pattern of 



the other surface of the coin even when the other sur- 
face of the coin is irradiated with light, because a trans- 
porting belt for pressing the coin onto the surface of the 
coin passage and transporting it abuts against the other 
5 surface of the coin. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present inven- 

io tion to provide a coin discriminating apparatus capable 
of discriminating whether or not coins are acceptable 
and the denominations of coins with high accuracy even 
when the coins have a common pattern on one side sur- 
face thereof but a different pattern on the other side sur- 

15 face thereof like Euro coins. 

[0008] Another object of the present invention is to 
provide a coin discriminating apparatus capable of dis- 
criminating whether or not coins are damaged to higher 
than a predetermined level with high accuracy. 

20 [0009] The above and other objects of the present 
invention can be accomplished by a coin discriminating 
apparatus comprising a coin passage member for sup- 
porting a lower surface of a coin, a first transporting belt 
disposed above the coin passage member adapted for 

25 forming a coin passage between the coin passage 
member and itself and holding the coin between the 
coin passage member and itself, thereby transporting it, 
a first light source for emitting light via a first transparent 
passage portion formed in the coin passage member 

30 toward the lower surface of the coin being transported 
on the coin passage member, first light receiving means 
for photoelectrically detecting light emitted from the first 
light source and reflected from the lower surface. of the 
coin via the first transparent portion and producing 

35 image pattern data of the lower surface of the coin, a 
second transporting belt for supporting the lower sur- 
face of the coin, a coin passage forming member dis- 
posed above the second transporting belt for forming 
the coin passage between the lower surface thereof and 

40 the second transporting belt and holding the coin 
between the lower surface thereof and the second 
transporting belt, thereby transporting it, a second light 
source for emitting light via a second transparent pas- 
sage portion formed in the coin passage forming mem- 

45 ber toward an upper surface of the coin being supported 
and transported by the second transporting belt, second 
light receiving means for photoelectrically detecting light 
emitted from the second light source and reflected from 
the upper surface of the coin via the second transparent 

so portion and producing image pattern data of the upper 
surface of the coin, first pattern data storing means for 
storing the image pattern data of the lower surface of 
the coin produced by the first light receiving means, 
second pattern data storing means for storing the image 

55 pattern data of the upper surface of the coin produced 
by the second light receiving means, reference pattern 
data storing means for storing reference pattern data of 
coins of each denomination, discriminating means for 



BNSCCCID: <EP 1077434A1 J_> 



EP 1 077 434 A1 



comparing the image pattern data of the lower surface 
of the coin stored in the first pattern data storing means 
with the reference pattern data of coins of each denom- 
ination stored in the reference pattern data storing 
means and comparing the image pattern data of the 
upper surface of the coin stored in the second pattern 
data storing means with the reference pattern data of 
coins of each denomination stored in the reference pat- 
tern data storing means, thereby discriminating whether 
or not the coin is acceptable and the denomination of 
the coin: . 

[0010] According to the present invention, in the 
region of the first light source, a coin is transported 
while it is being pressed onto the upper surface of the 
first transparent passage portion formed in the coin pas- 
sage member by the first transporting belt and is irradi- 
ated via the first transparent portion with light emitted 
from the first light source disposed below the coin pas- 
sage member and light reflected from the lower surface 
of the coin is photoelectrically detected by the first light 
receiving means, thereby producing pattern data of the 
lower surface of the coin. Further, the coin is trans- 
ported while the lower surface thereof is being sup- 
ported by the second transporting belt so that it is being 
pressed onto the lower surface of the coin passage 
forming member provided above the second transport- 
ing belt and is irradiated via the second transparent pas- 
sage portion formed in the coin passage forming 
member with light emitted from the second light source 
disposed above the coin passage forming member and 
light reflected from the upper surface of the coin is pho- 
toelectrically detected by the second light receiving 
means, thereby producing pattern data of the upper sur- 
face of the coin. Therefore, it is possible to detect optical 
patterns of both surfaces of a coin in a desired manner 
while the coin is being transported, and discriminate, 
based on the thus obtained pattern data of both sur- 
faces of the coin, whether or not the coin is acceptable 
and the denomination of the coin. Furthermore, accord- 
ing to the present invention, since the discriminating 
means discriminates whether or not a coin is acceptable 
and the denomination of the coin by comparing the 
image pattern data of the lower surface of the coin 
stored in the first pattern data storing means with the 
reference pattern data of coins of each denomination 
stored in the reference pattern data storing means and 
comparing the image pattern data of the upper surface 
of the coin stored in the second pattern data storing 
means with the reference pattern data of zo'ms of each 
denomination stored in the reference pattern data stor- 
ing means, even when coins such as Euro coins whose 
one surface pattern is common but whose other surface 
pattern is different are to be discriminated, it is possible 
to reliably discriminate whether or not the coin is accept- 
able and the denomination of the coin and to sort Euro 
coins into those of each issuing country when Euro 
coins are required to be sorted by issuing country. 
[0011] In a preferred aspect of the present inven- 



tion, the second transporting belt is provided so as to 
project upward from an opening formed in the coin pas- 
sage member. 

[0012] According to this preferred aspect of the 
5 present invention, the coin passage member can be 
provided over the entire coin passage and, therefore, it 
is possible to manufacture the coin discriminating appa- 
ratus in a simple manner. 

[0013] In another preferred aspect of the present 

10 invention, the coin passage member is cut off in the 
region of the second transporting belt. 
[0014] In a further preferred aspect of the present 
invention, the first light source is disposed upstream of 
the second light source with respect to a coin transport - 

15 ing direction. 

[0015] In another preferred aspect of the present 
invention, the first light source is disposed downstream 
of the second light source with respect to a coin trans- 
porting direction. 

20 [0016] In a further preferred aspect of the present 
invention, the first light receiving means and the second 
light receiving means are constituted as monochromatic 
type sensors and the coin discriminating apparatus fur- 
ther comprises a third transporting belt for holding the 

25 coin between the coin passage member and itself, 
thereby transporting it, a third light source for emitting 
light toward the lower surface of the coin being trans- 
ported on the coin passage member by the third trans- 
porting belt via a third transparent passage portion 

30 formed in the coin passage member, third light receiving 
means for photoelectrically detecting light emitted from 
the third light source and reflected from the lower sur- 
face of the coin via the third transparent passage por- 
tion and producing color data of the lower surface of the 

35 coin, a fourth transporting belt for supporting the lower 
surface of the coin, a coin passage forming member dis- 
posed above the fourth transporting belt for forming the 
coin passage between the lower surface thereof and the 
fourth transporting belt and holding the coin between 

40 the lower surface thereof and the fourth transporting 
belt, thereby transporting it, a fourth light source for 
emitting light toward the upper surface of the coin being 
supported and transported by the fourth transporting 
belt via a fourth transparent passage portion, fourth light 

45 receiving means for photoelectrically detecting light 
emitted from the fourth light source and reflected from 
the upper surface of the coin via the fourth transparent 
passage portion and producing color data of the upper 
surface of the coin, first color data storing means for 

so storing color data of the lower surface of the- coin pro- 
duced by the third light receiving means, second color 
data storing means for storing color data of the upper 
surface of the coin produced by the fourth light receiving 
means, and reference color data storing means for stor- 

55 ing color data of coins of each denomination, the dis- 
criminating means being constituted so as to compare 
the color data of the lower surface of the coin stored in 
the first color data storing means with the reference 
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color data of coins of each denomination stored in the 
reference color data storing means and compare the 
color data of the upper surface of the coin stored in the 
second color data storing means with the reference 
color data of coins of each denomination stored in the 
reference color data storing means, thereby discriminat- 
ing damage degree of the coin. 

[0017] According to this preferred aspect of the 
present invention, whether or not the coin is acceptable 
and the denomination of the coin are discriminated by 
the first light receiving means and the second light 
receiving means. Further, in the region of the third light 
source, a coin is transported while it is being pressed 
onto the upper surface of the third transparent passage 
portion formed in the coin passage member by the third 
transporting belt and is irradiated via the third transpar- 
ent portion with light emitted from the third light source 
disposed below the coin passage member and tight 
reflected from the lower surface of the coin is photoelec- 
trically detected by the third light receiving means, 
thereby producing color data of the lower surface of the 
coin. Furthermore, the coin is transported while the 
lower surface thereof is being supported by the fourth 
transporting belt so that it is being pressed onto the 
lower surface of the coin passage forming member pro- 
vided above the fourth transporting belt and is irradiated 
via the fourth transparent passage portion formed in the 
coin passage forming member with light emitted from 
the fourth light source disposed above the coin passage 
forming member and light reflected from the upper sur- 
face of the coin is photoelectrical^ detected by the 
fourth light receiving means, thereby producing color 
data of the upper surface of the coin. The discriminating 
means is constituted so as to compare the color data of 
the lower surface of the coin with the reference color 
data of coins of each denomination stored in the refer- 
ence color data storing means and compare the color 
data of the upper surface of the coin with the reference 
color data of coins of each denomination stored in the 
reference color data storing means, thereby discriminat- 
ing damage degree of the coin. Therefore, it is possible 
to detect color data of both surfaces of a coin in a 
desired manner while the coin is being transported, and 
discriminate, based on the thus obtained color data of 
both surfaces of the coin, whether or not the coin is 
acceptable and the denomination of the coin. 
[0018] In a further preferred aspect of the present 
invention, the fourth transporting belt is provided so as 
to project upward from an opening formed in the coin 
passage member. 

[0019] According to this preferred aspect of the 
present invention; the coin passage member can be 
provided over the entire coin passage and, therefore, it 
is possible to manufacture the coin discriminating appa- 
ratus in a simple manner. 

[0020] In another preferred aspect of the present 
invention, the coin passage member is cut off in the 
region of the fourth transporting belt. 



[0021] In a further preferred aspect of the present 
. invention, the third light source is disposed upstream of 
the fourth light source with respect to a coin transporting 
direction. 

5 [0022] In another preferred aspect of the present 
invention, the third light source is disposed downstream 
of the fourth light source with respect to a coin trans- 
porting direction. 

[0023] The above and other objects and features of 
io the present invention will become apparent from the fol- 
lowing description made with reference to the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0024] 

Figure 1 is a schematic longitudinal cross-sectional 
view of a coin discriminating apparatus which is a 
20 preferred embodiment of the present invention. 

Figure 2 is a schematic plan view of a first transpar- 
ent passage portion. 

Figure 3 is a block diagram of detection, control and 
discrimination systems of a coin discriminating 
25 apparatus which is an embodiment of the present 
invention. 

Figure 4 is a block diagram of a second discriminat- 
ing means. 

Figure 5 is a block diagram of a third discriminating 
30 means. 

Figure 6 is a schematic longitudinal cross-sectional 
view of a coin discriminating apparatus which is 
another preferred embodiment of the present inven- 
tion. 

35 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0025] As shown in Figure 1, a coin passage 2 

40 through which coins 1 are transported is provided with a 
coin passage member 3 extending in the transporting 
direction of the coins 1 over the entire distance that the 
coins 1 are transported. The coin discriminating appara- 
tus includes a first pattern data detection unit 4 and a 

45 second pattern data detection unit 5. In the vicinity of 
the first pattern data detection unit 4, the coin passage 
2 is formed by the coin passage member 3 located 
below and a transporting belt 6 constituted as an end- 
less round belt. In the vicinity of the second pattern data 

50 detection unit 5, the coin passage 2 is formed by a 
transporting belt 7 constituted as an endless belt 
located to project upward from an opening 7a formed in 
the coin passage member 3 and a coin passage forming 
member 8 located above the transporting belt 7 and 

55 extending in the transporting direction of coins 1 . 

[0026] As shown in Figure 1, the coin passage 
member 3 where the first pattern data detection unit 4 is 
provided is formed with a first transparent passage por- 
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tion 9 made of transparent glass, acrylic res.n or the like 
and the coin passage forming member 8 is formed wrth 
a second transparent passage portion 10 made of 
transparent glass, acrylic resin or the like. 
[0027] Figure 2 is a schematic plan view of the first 
transparent passage portion 9. 

ro0281 As shown in Figures 1 and 2, a com 1 is fed 
to the first transparent passage portion 9 in the com 
passage 2 along a pair of guide rails 1 1 , 1 1 in the direc^ 
tion indicated by an arrow A by the transporting belt 6 
iocated above the coin passage 2. A pair of magnetic 
sensors 12, 12 are provided for detecting magnetic 
properties of the coin 1 upstream of the first transparent 
passage portion 9 with respect to the coin transporting 
direction. The coin 1 is fed onto the first transparent 
passage portion 9, while being pressed onto the upper 
surface of the first transparent passage portion 9 by the 
transporting belt 6. Below the first transparent passage 
portion 9. there are provided a first light emitting means 
21 including a pluralrty of light emitting elements 20 for 
emitting light toward the coin 1 passing through the first 
transparent passage portion 9 and a first image data 
producing means 22 below the first light emitting means 
21 for receiving light emitted from the first light emitting 
means 21 and reflected by the coin 1 and producing 
image data. Thus, a first pattern data detection unrt 4 is 
constituted by the first light emitting means 21 and the 
first image data producing means 22. . Minn 
ro0291 As shown in Figure 2, the first light emrtt.ng 
means 21 is provided with the plurality of light emitting 
elements 20 such as light emitting diodes (LEDs) dis- 
posed on a circle whose center is at the center port.on 
of the first transparent passage portion 9. Each light 
emitting element 20 is disposed in such a manner that 
the optical axis thereof is directed at a small angle with 
respect to the horizontal direction toward a predeter- 
mined point on a vertical axis passing through the 
center of a circle whose center coincides with the center 
portion of the first transparent passage port.on 9, 
whereby light is projected onto the coin 1 passing 
through the first transparent passage portion 9 at a 
shallow angle with respect to the surface of the coin 1 
r00301 The first image data producing means 22 
includes a lens system 23 disposed so that the optical 
axis thereof coincides wrth the vertical axis passing 
through the center of the circle whose center co.ncides 
with the center portion of the first transparent passage 
portion 9, a color sensor 24 disposed below the lens 
system 23 so that the focus point thereof is located on 
the upper surface of the first transparent passage por- 
tion 9 and adapted for photoelectrical^ detecting light 
emitted from the light emitting elements 20 and 
reflected by the surface of the coin 1 . and an A/D con- 
verter (not shown) for converting image data of the 
lower surface of the coin 1 obtained by photoelectrica ly 
detecting by the color sensor 24 into digital signals, 
thereby producing digitized image data of the lower sur- 
face of the coin 1. In this embodiment, a two-d.men- 
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30 



sional CCD type color sensor is used as the color 
sensor 24. 

[0031] On the immediately downstream side of the 
first image data producing means 22, two timing sen- 
sors 27 27 each of which includes a light emitting ele- 
ment 25 and a light receiving element 26 are provided 
so that light emitted from the light emitting element 25 
can be detected through the first transparent passage 
portion 9 by the light receiving element 26 and each is 
constituted so as to output a timing signal when the light 
receiving element 26 does not receive light emitted from 
the light emitting element 25, Each of the timing sensors 
27 27 is disposed with respect to the first image data 
producing means 22 so that the center of the coin 1 is 
located at the center of the first transparent passage 
portion 9 when light emitted from the light emitting ele- 
ment 25 is blocked by the coin 1 being transported on 
the surface of the first transparent passage portion 9 
and is not received by the light receiving element 26, 
thereby outputting a timing signal. 
[0032] As shown in Figure 1 , the coin 1 is pressed 
onto the upper surface of the coin passage member 3 
by the transporting belt 6 provided above the com pas- 
sage and is transported in the first transparent passage 
portion 9 and the portion downstream thereof. At the 
downstream portion of the first transparent passage 
portion 9, the lower surface of the coin 1 is supported by 
the transporting belt 7 located to project above the com 
passage member 3 from the opening 7a formed in the 
coin passage member 3 and is transported in the com 
passage 2 while it is being held between the transport- 
ing belt 6 and the transporting belt 7. 
[0033] As shown in Figure 1, the coin 1 is trans- 
ported in the region of the downstream port.on of the 
first transparent passage portion 9 and is fed to the sec- 
ond pattern data detection unit 5, while the upper sur- 
face of the coin 1 is supported by the coin passage 
forming member 8 and pressed onto the lower surface 
of the coin passage forming member 8 by the transport- 
ing belt 7. A plurality of back-up rollers 7b, 7c are pro- 
vided for preventing the transporting belt 7 from being 
deflected downwardly due to the dead load of the com 

[0034] The second pattern data detection unit 5 is 
provided above the second transparent passage porhon 
10 and includes a second light emitting means 31 
including a plurality of light emitting elements 30 for 
emitting light toward the coin 1 passing through the sec- 
ond transparent passage portion 10 and a second 
image data producing means 32 provided above the 
second transparent passage portion 10 for receiving 
light emitted from the second light emitting means 31 
and reflected by the coin 1 and producing image data. 
The second light emitting means 31 is constituted m a 
similar manner to the first light emitting means 21 
except that it is disposed above the second transparent 
passage portion 10 and emits light downwardly and 
includes a plurality of light emitting elements 30 such as 
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light emitting diodes (LEDs) arranged on the circle 
whose center coincides with the center portion of the 
second transparent passage portion 10. Each light 
emitting element 30 is disposed in such a manner that 
the optical axis thereof is directed at a small angle with 
respect to the horizontal direction toward a predeter- 
mined point on a vertical axis passing through the 
center of the circle whose center coincides with the 
center portion of the second transparent passage por- 
tion 10, whereby light is projected onto the coin 1 pass- 
ing through the second transparent passage portion 10 
at a shallow angle with respect to the surface of the coin 



[00351 The second image data producing means 32 
includes a lens system 33 disposed so that the optical 

h e . r !° f C ° inCideS With the Vertica ' axis P^ing 
through the center of the circle whose center coincides 

with the center portion of the second transparent pas- 
sage portion 10, a color sensor 34 disposed above the 
lens system 33 so that the focus point thereof is located 
on the lower surface of the second transparent passage 
portion 10 and adapted for photoelectrically detecting 
•ght emitted from the light emitting elements 30 and 
reflected by the surface of the coin 1, and an A/D con- 
verter (not shown) for converting image data of the 
upper surface of the coin 1 obtained by photoelectrically 
detecting by the color sensor 34 into digital signals 
thereby producing digitized image data of the upper sur- 
face of the coin 1. In this embodiment, a two-dimen- 

sensors? 0 ^ ^ * US6d 38 the color 

[0036] On the immediately downstream side of the 
second image data producing means 32, two timing 

« 3 ? aCh ° f WWch inC,Udes a liaht «"»Hng 
element 35 and a light receiving element 36 are pro 

vided so that light emitted from the light emitting ele- 
ment 35 can be detected through the second 
transparent passage portion 10 by the light receiving 
element 36 and each is constituted so as to output a 
timing signal when the light receiving element 36 does 
not receive light emitted from the light emitting element 
35. Each of the timing sensors 37 is disposed with 

InTf J° SeC ° nd im39e data Pacing means 32 
so that the center of the coin 1 is located at the center of 
the second transparent passage portion 10 when light 
emitted from the light emitting element 35 is blocked by 
the coin 1 being transported on the surface of the sec 
ond transparent passage portion 1 0 and is not received 
by the light receiving element 36, thereby outputting a 
timing signal. y 9 

[0037] Rg Ur e 3 is a block diagram of detection, con- 
trol and discrimination systems of a coin discriminating 
apparatus which is a preferred embodiment of the 
present invention. 

[0038] As shown in Figure 3, the detection system 
of the coin discriminating apparatus includes the two 
t.m,ng sensors 27. 27 for detecting a coin 1 fed to the 
f.rst transparent passage portion 9 and the two timing 



sensors 37. 37 for detecting a coin fed to the second 
transparent passage portion 10. 
[0039] As shown in Figure 3, the control system of 
the coin discriminating apparatus includes Dght emis- 
5 s,on control means 40 which outputs a light emission 

*Tl:J? *2 ,i9ht emittin9 — 21 ^ fry- 
ing s,gnal from the timing sensors 27. 27 is received and 

causes it to emit light and illuminate the coin 1 located 

on the upper surface of the first transparent passage 

SSL" ° U,PUtS 3 ' i9ht emlSSion sianal »*" sec 
ond light emitting means 31 when the timing signal from 
the timing sensors 37. 37 is received and causes it to 

sTiS ,T h d i,luminate * e <** 1 located °" 'he 

surface of the second transparent passage portion 10 
cot readi "9 -ntro. means 41 for permitting the 

22 to m V « ^ ima9e ^ Dr ° ducin 9 — 
22 to start detecting the light reflected from the surface 

^7^^ timin9 Si9nal fr0m the «^ng sen- 
20 S^f th B TeCeiVed and Pemi,,hl 9 * e sensor 
Ur, , SeC ° nd ,ma9e data P rod "«ng means 32 to 
start detectmg the light reflected from the surface of the 
com 1 when the timing signal from the timing sensors 
o/, 37 is received. 

[0040] m Figure 3, the discriminating system of the 
2s coin discriminating apparatus includes a fira, reference 
data memory 50 for storing reference magnetic data 
.nd^atmg magnetic properties of coins of each denomi- 
nation; a second reference data memory 51 for storing 
reference data relating to the diameter of coins of each 
den h 0m '" a, »°n. reference chromaticity data of coins of 
each denomination and reference lightness data of 
ml c !f denomina «°n; a third reference data 
^ 7/f .° ft r . Storin9 reference ratio ^ta lowing the 
35 ™ I 3 ° the binafy ima9e ? attem da »a groups 
£TT "VL t0 3 P ' Urality ° f annular areas on the sur- 
m«Lc « k K n ° mina,i0n ° f tirst discriminating 

means 53 which accesses the first reference data mem 
ory 50 ,n accordance with detection signals from the 
40 ZT B C f" SOrS 12 > 12 and compares the reference 
«> magnetic data which indicate the magnetic properties of 
each denomination stored in the first reference data 
memory 50 with the magnetic data of the coin 1 input 
from the magnetic sensors 12, 12, thereby determining 

« mTZT*? ° f C ° in 1: SeCOnd discriminating 
45 means 54 for discriminating the denomination of the 
com 1 and the damage degree of the lower surface of 
the com 1 based on the result of discrimination made by 
the first discriminating means 53. the reference data 

so tiln 9 , t0 diam6ter ° f the Coin of each denomina- 
50 hon. reference chromaticity data of coins of each 
denomination and reference lightness data of coins of 
each denomination stored in the second reference data 
memory 51. reference ratio data stored in the third ref- 
erence data memory 52 and image pattern data of the 
55 ower surface of the coin 1 photoelectrically detected £ 

28 S r H S6nSOr 24 and di9itiZed b * the ™> co ^rter 
28. third discnmmating means 55 for discriminating the 
denomination of the coin 1 and the damage degree of 
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the upper surface of the coin 1 based on the result of 
discrimination made by the first discriminat.ng means 
53 he reference data relating to the 
coin of each denomination, reference 
of coins of each denomination and reference lightness 
datTof coins of each denomination stored in the second 
JetrenS data memory 51. reference ratio data stored 
n the third reference data memory 52 an hnjQJIJ* 
t^rn data of the upper surface of the com 1 photoelectr. 
el detec ted by the color sensor 34 and digitized by 
the A/D converter 38; and denomination and acceptably 
^determining means 56 for finally 
whether or not the coin 1 is acceptable and the denom- 
the coin 1 based on the results of ^ dona- 
tion made by the first discriminatmg means 53, the 
second TdLlinating means 54 and the third dlscrimi- 
nating means 55. 

[0041] m Figure 3, the reference numeral 58 desig- 
nates display means for displaying whether or not the 
coin 1 ?a P o=eptab,e and the damage degree of the com 
1 exceeds a predetermined level. 
OoS 'n "his embodiment, a denomination d.scrmv 
E signal is output from the first ^nmmatmg 
means 53 to the light emission control means 40 and 
TeTqht emission control means 40 is constituted so as 
o con tZe amount of light emitted from * • light ^ 
ting elements 20 and the light emitting elements 30 m 
accordance with the denomination discnm.nat.o m «gna 
input from the first discriminat.ng means 53 based on 
he denomination of the coin 1 discriminated by the fm* 
discrrminating means 63. In the third reference data 
memoT52, the reference ratio data of the b.nary .mage 
oatt^n data groups corresponding to each annular area 
oSTbveS and reverse surfaces of al. denominates to 

?^r%- s 4 t0 "a ■** -»■» - - sec ° nd 

inVe 4. the 
nating means 54 includes an image pattern data mem- 

an x y coordinate system; a first denomination discnm, 
nating section 61 which accesses the second re mo. 
data memory 51 and compares the reference data relat- 
ing to the diameter of the coin of each ^no- 
stored in the second reference data memory 51 wrth the 
imaoe oattern data of the lower surface of the com 1 
Tad" ro'm the image pattern data memory ea there y 
determining the denomination of the com 1 based on 
"hTZieter of the coin 1 and outputting a denomina- 
tion discrimination signal; a second denom.nation Re- 
criminating section 63 for d.scr.m.nat.ng the 
deTminaL of the coin 1 based on a denomma .on 
Sanation signal input from the first d.scnmmat,ng 
and a denomination discrimination s.gnal 
"put from the first denomination discriminating sect.on 



61 and outputting a denomination discriminator, signal 
a coin damage discriminating section 62 for calculating 
chromaticity data and lightness data of the com 1 based 
on R G B data corresponding to the pnmanes of l.ght, 
namely 'red, green and blue light, in the image pattern 
5 ETS the lower surface of the coin 1 stored m the 
"mage pattern data memory 60. comparing them w*h 
the reference chromaticity data and reference ..ghteess 
data of the coin of the denomination *™ a ^ 
, 0 the second denomination discriminat.ng section ,63 ^and 
W stored in the second reference data mennory 51 based 
on the denomination discrimination s.gnal mpul^^ 
second denomination discriminat.ng sectton 63 d.s 
c^iinating the damage degree of the coin 1 and output- 
tinqadamagediscriminationsigna.tothedenom.nat.on 
15 anj acceptiility determining section 56; a center coor- 
dinate determining section 64 for obtaming the center 
coordinates of the image pattern data of the lower sur- 
face o the coin 1 mapped and stored in the .mage pat- 
tern data memory 60; a binary data producing sect.on 
20 65 wS ttnarizes the image pattern data of the lower 
surface of the coin 1 mapped arid stored in the image 
pattern data memory 60 and gmups ^ b-r,ed- 
image pattern data into binary .mage pattern data 
croups corresponding to a plurality of annular areas of 
25 ■ Jesu^ceofLcoinl determined for each denomina- 
te bled on a denomination discriminate s.gnal 
°put from the second denomination discnm.na ting sec- 
tion 63 and a center coordinate s.gnal input from the 
„ center coordinate determining section 64, obta.ns the 
30 number of "0" data in the binary image pattern data 
g oTs corresponding to each annular area obta.ns he 
?atio of the -0- data in the entire data, thereby producing 
So da a tor each binary image pattern date .group ce 
„ responding to each annular area of the surface of the 
" ST,; and a denomination determining sector , 66 
which accesses the third reference data memory-52 for 
Coring reference ratio data that indite the rat.o of the 
? date in the binary image pattern data 
soonding to the plurality of annular areas of the com eur 
40 fece o^each denomination, reads the ratio data m the 
Snary image pattern data groups correspond.ng to 
STanTular area of the coin surface of the correspond- 
ing denomination according to the denominate d»- 
45 lination signa. input from the second denorn ^nation 
discriminating section 63, compares the ratio -ate read 
from the third reference data memory 52 wrth th ^> 
data of each binary image pattern data ^cone 
spending to each annular area of the 'ower surface of 
« Se com 1 input from the binary data producing section 
" 65 thereby determining whether or not the com 1 is 
acceptable and the denomination of he com 1 and out 
putting a denomination determ.nat.on s.gnal to the 
denomination and acceptability determining means 56. 
55 [0045] Figure5isablockd.agramoftheth.rdd.s- 

means 55 includes an image pattern data memory 70 
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for mapping and storing the image pattern data of the 
upper surface of the coin t photoelectrical detected by 

38 inTo°»h Se ^ r 34 * ,he "> ^verter 

38 into the orthogonal coordinate system, i.e., the x-v 

SSn n 7? 2T 3 ,ifSt den0 «" dominating" 5 
section 71 which accesses the second reference data 
memory 51 and compares the reference data reSin^o 
he diameter of the coin of each denomination stored n 
the second reference data memory 51 with the image 
pattern data of the upper surface of the coin 1 readtom 
he image pattern data memory 70. thereby de ZZ intog " 
^ co e i n nT'T n0ftheCOin 1 ba ~donthediamete 0 
tj'f T: mg 3 denomina « i - domination 
signa , a second denomination discriminating section 

basic d 0 T:T aUn9 denomi -«°" «* the coin 1 1S 
f rom L r ♦ « en0mnabo " discrimination signal input 
from the f Itst dominating means 53 and a denomina- 
tion d ',T ,m,na,,on Si9nal input from first denomina- 
tor^ dominating section 71 and outouttin™ a 
denomination discrimination signal; a coin damage dis 

and IS 9 ^ 72 f ° r chroma^ ^a " 

and lightness data of the coin 1 based on R G B data 
corresponding to the primaries of Hght, namely rS 
green and blue tight, in the image pattern oatfof The 
upper surface of the coin 1 stored in the image pattern 
data memory 70, comparing them with the reference 

conT^f** ^ d refere " ce '^tness data oT he 
com of the denom.nat.on discriminated by the second 
^nomination discriminating section 73 and sto^d in 
the second reference data memory 5! based on the 
denomination discrimination signa. fnput from the sic * 
ond denomination discriminating secL 73 d^nmi 

a dZ , dama9e de9ree °' the coi " 1 ™« oZZ g 
a damage d ,scrimination signal to the denomination and 
acceptabHrty determining section 56; a center cooS 3, 
nate determining section 74 for obtaining the center 
coordinates of the image pattern data o, the upper st- 
ern d°L COi " 1 St ° red in the *Z* Pat- 
75 which 7 ° ; 3 ° inary data P^ucing section 
75 which bmanzes the image pattern data of the upper 

PaSm COi " 1 maPP6d and — - 40 

imaoTnS ? ° ^ 9r ° Ups the oinarized 

'mage pattern data into binary image pattern data 

groups corresponding to a plurality of annu.ar areafof 
ton based 1 dete ™ ed 'or each denom na 45 

noutS h 3 denominati °n discrimination signa! 

ton 73 S6C0nd denominati on dominating sec- 
tion 7 3 and a center coordinate signal input from the 
center coordinate determining section 74 obtain^ the 
number of '0" data in the binary image pattern dlta 
groups corresponding to each annular I Te " 

To « , ° ^ in the Cntire data ' 'hereby.produc ng 
SZZT 1 6aCh binary im " e P attem data group cor 

ToH a n nd a n Ch annU ' ar ^ ° f the SUrface S the 
com 1, and a denomination determining section 76 « 
which accesses the third reference data memory 52 for 

0 data ,n the binary image pattern data groups corre- 
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£e o "each d '"^ of a """' a r areas of the coin sur- 
face of each denomination, reads the ratio data in the 

elTanZ 96 """" ^ corresponding to 

each annu.ar area of the coin surface of the correspond- 

Zfn e a 'T ,naIi0n aCC ° rding to the ^nomination dt 
cnmmation signal input from the second denominaOon 

irl7ZZ 1 T° n ?3, the rati ° d * a 

X of JS h enCe d3ta mem0ry 52 witb *» ratio 
data of each binary image pattern data group corre- 
sponding to each annular area of the upper surface 0 f 

7S r IT ^ ^ d3ta P roduci "9 Jetton 
75, thereby determining whether or not the coin 1 i" 
acceptable and the denomination of the coin 1 and o2 
putting a denomination determination signal t fte 
27* and aCCeptabi,it V determining'means 56 
[00471 The thus constituted coin discriminate 
apparatus according ,0 the embodiment of 
invention discriminates whether or not a coin 1 is 
acceptable, whether or not the coin 1 is damaoed to 

£0048] The coin lis pressed onto the upper surface 

Z stod fnT ge member 3 by the transportin 9 

nails 11,1 " S H 0 " 1 r Sa9e 2 a, ° n9 3 Pair of a *de 
rails 1 1 1 1 , n the d.rection indicated by an arrow A The 

magnetc properties of the coin 1 are detected by ^e 
pa r of magnetic sensors 12, 12 and the detection sto 
na* are output* the first discriminating means 53 9 
SUX 7 dominating means 53 accesses 

the first reference data memory 50 when the diction 
signals are input from the magnetic sensors 1 
reads the reference magnetic data which indicate the 
magnetc propert.es of each denomination stored in the 
first reference data memory 50 discriminated Ik 
denomination of the coin 1 *eo£C^£^ 

oTso wit^ a read from me ,irst reference 

the m! Tr ° f the coi " 1 in P« from 

dSr^r t i r d ou,puts denoLation 

means ,h !1 . he SeCOna discriminating 

means 54, the third discriminating means 55 and the 
light emission control means 40 

[0050] When the coin 1 is further fed in the coin 
passage 2 to the firs, transparent passage potion 9 and 
blocks light emitted from the light emitting etoment 25 o^ 

mTnt 26 7, S6 17 27 • Wh6reby thS " 9ht recei -9 11 
ment 26 of each timing sensor 27 does not receive the 

emitted from the corresponding light emitting e, e 

sors 2 f 'iT^Tf ^ ° UtpUt fr ° m the f-n- 

thelml; 1 ' 9ht 6miSSion COntro1 40 and 

the image reading control means 4 1 

J0051] when the timing signals are input from the 
hming sensors 27, 27, the light emission controZa^ 
40 outputs a light emission signa. to the first .igh^ 
t-ng means 21 based on the denomination disS mina 

causes the light emitting elements 20 to emit the 
amoun of ,ight that conesponds to the denomSon 0 
the coin 1 dominated by the first discriminating 
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means 53 toward the lower surface of the coin 1 located 
on the first transparent passage portion 9. The reason 
why the amount of emitted light from the light emitting 
elements 20 is controlled based on the discriminating 
result of the denomination of the coin 1 by the first dis- 5 
criminating means 53 is because the amount o 
reflected light changes depending upon the material of 
the coin 1 . If the same amount of light is emitted toward 
the coin 1, the image pattern of. the coin 1 cannot be 
accurately detected. That is, when the coin is made o a , 0 
material having high light reflectivity such as nickel, alu- 
minum or the like, it becomes difficult to accurately pro- 
duce the binary data corresponding to the pattern o the 
surface of the coin 1 by detecting the reflected light from 
the surface of the coin 1; That is because the total ,s 
amount of detected light becomes large and saturated if 
a large amount of light is illuminated. On the other hand 
when the coin is made of a material having low light 
reflectivity such as copper, brass or the like, the binary 
data corresponding to the pattern on the surface of the 20 
coin 1 cannot be accurately produced by detecting he 
reflected light from the surface of the coin 1. Tha ,s 
because the total amount of detected light is too little if 
a small amount of light is illuminated. Thus, the light 
emission control means 40 is constituted such that 25 
when the coin 1 of the denomination discriminated by 
the first discriminating means 53 is made of a material 
having high light reflectivity such as nickel, aluminum or 
the like, the light emission control means 40 outputs a 
liqht emission signal to the first light emitting means 21 30 
so that the light emitting elements 20 emits low intensity 
of light. On the other hand, it is constituted such that 
when the coin 1 of the denomination discriminated by 
the first discriminating means 53 is made of a material 
having low light reflectivity such as copper, brass or the 35 
like the light emission control means 40 outputs the 
light emission signal to the first light emitting means 21 
so that the light emitting elements 20 emits high inten- 
sity of light. 

r0052] The image reading control means 41 causes 40 
the color sensor 24 of the first image data producing 
means 22 to start detecting the light emitted, from the 
light emitting elements 20 and reflected on the lower 
surface of the coin 1 when the timing signals from the 
timing sensors 27, 27 are input. 45 
[00531 Since the first light emitting means 21 is dis- 
posed so as to be able to illuminate the coin 1 which 
advances on the first transparent passage portion 9 at a 
. shallow angle, the light is reflected according to the 
raised and depressed pattern of the lower surface of the so 
coin 1 The light reflected from the surface of the coin 1 
is directed toward the color sensor 24 by the lens sys- 
tem 23 and photoelectrically detected by the color sen- 
sor 24, whereby the image pattern data of the surface of 
the coin 1 are produced by the color sensor 24. The 55 
image pattern data of the surface of the coin 1 produced 
by the color sensor 24 are digitized by the A/D converter 
28 The digitized image pattern data are mapped and 



stored in the orthogonal coordinate system, namely, x-y 
coordinate system in the image pattern data memory 
60. 

[0054] When the image pattern data of the lower 
surface of the coin 1 are stored in the image pattern 
data memory 60, the first denomination discriminating 
section 61 of the second discriminating means 54 
accesses the second reference data memory 51. It 
reads the data stored in.the with regard to the diameter 
of the coin 1 and also the image pattern data stored in 
the image pattern data memory 60. By comparing those 
data the first denomination discriminating section 61 of 
the second discriminating means 54 determines the 
denomination of the coin 1 and outputs the denomina- 
tion discrimination signal to the second denomination 
discriminating section 63. There are some coins whose 
diameters are only slightly different from each other 
even though their denominations are different. When 
coins having a slightly larger diameter are worn out, 
their diameter can happen to coincide. Therefore, in 
some cases, the denomination of the coin 1 cannot be 
detected accurately by detecting its diameter. In this 
embodiment, the first discriminating means 53 deter- 
mines the denomination of the coin 1 based on the mag- 
netic properties of the coin 1 and outputs the 
denomination discrimination signal to the second 
denomination discriminating section 63. The hrsi 
denomination discriminating section 61 of the second 
discriminating means 54 determines the denomination 
of the coin 1 based on the diameter of the coin 1 and 
outputs the denomination discrimination signal to the 
second denomination discriminating section eS.^When 
the denominations of the coin 1 determined by the first 
discriminating means 53 and the first denomination dis- 
criminating section 61 of the second discriminating 
means 54 based on these denomination discrimination 
signals do not coincide, it is constituted to determine 
that the coin 1 cannot be accepted. Therefore, when the 
first denomination discriminating section 61 of the sec- 
ond discriminating means 54 determines only one kind 
of denomination of the coin 1 based on the diameter of 
the coin 1, produces the denomination discrimination 
signal and outputs it to the second denomination dis- 
criminating section 63, there is a possibility that the sec- 
ond denomination discriminating section 63 determines 
that the coin 1 is not acceptable even though the com 1 
is an acceptable coin. Accordingly, in this embodiment, 
the first denomination discriminating section 61 of the 
second discriminating means 54 selects two denomina- 
tions whose diameters are the closest and the second 
closest to the diameter of the detected coin 1 and out- 
puts the denomination discrimination signal to the sec- 
ond denomination discriminating section 63. • 
[0055] The second denomination discriminating 
section 63 deteirnines the denomination of the coin 1 
based on the denomination discrimination signal input 
from the first discriminating means 53 and the denomi- 
nation discrimination signal input from the first denomi- 
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nation discriminating section 61 of the second 
cfecnminating means 54. When the determined results 
of the first discriminating means 53 and the first denom- 
inate discriminating section 61 of the second discrimi- 
nating means 54 coincide, the second denomination 
discnmmating section 63 outputs the denomination dis- 
crimination signal to the coin damage discriminating 
sect.cn 62, the binary data producing section 65 and the 
denomination determining section 66. When they do not 
coincide, the coin 1 is a counterfeit coin or a foreign coin 
and therefore, it determines that it is not acceptable and 
an unacceptable signal is output to the display means 

[0O56] The coin damage discriminating section 62 
reads the image pattern data of the lower surface of the 
com 1 stored in the image pattern data memory 60 and 
ca culates the chromaticity data and the lightness data 
of the coin 1 based on the R, G and B data in the image 
pattern data. Further, the coin damage discriminating 
secfon 62 accesses the second reference data memory 
51, reads, based on the denomination discrimination 
SKjnal input from the second denomination discriminat- 
ing section 63. the reference chromaticity data and the 
reference lightness data of the coin having the denomi- 
nate discriminated by the second denomination dis- 
cnminatmg section 63 and compares the reference 
chromaticity data and the reference lightness data read 
from the second reference data memory 51 with the cal- 
culated chromaticity data and lightness data of the coin 
1, thereby discriminating whether or not the coin 1 is 
damaged to higher than a predetermined level More 
specially, when the coin 1 is damaged to higher than 
a predetermined level, the color of the coin surface 
changesso that the difference between the chromaticity 
data of the coin 1 and the reference chromaticity data 
exceeds a predetermined level and the coin surface 
becomes dark so that the difference between the light- 
ness data of the coin 1 and the reference lightness data 
exceeds a predetermined level. Therefore, the coin 
damage discriminating section 62 can discriminate 
whether or not the coin 1 is damaged to higher than a 
predetermined level by comparing the calculated chro- 
maticity data and lightness data of the coin 1 with the 
Chr ° ma,icit y data *™> the reference lightness 
data. When the coin damage discriminating section 62 
determines that the coin 1 is damaged to higherthan a 

22? 7T ' * ° UtpUtS 3 dama9e termination 

signal to the denomination and acceptability discrimi- 
nating means 56. At the same time, the coin damage 
discriminating section 62 outputs the damage determi- 
nate signal to the display means 58 and cause it to 
display that the coin 1 is damaged to higher than a pre- 
determined level. 

[0057] On the other hand, the center coordinate 
determining section 64 determines the center coordi- 
nate of the image pattern data mapped and stored in 
the orthogonal coordinate system, namely, the x-y coor- 
dinate system and stored in the image pattern data 
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memory 60 and outputs the center coordinate to the 
binary data producing section 65. The binary data pro- 
ducing s «* on 65 rsads the jmage panem P 

lower surface of the coin 1 mapped and stored in the 
5 image pattern data memory 60 and binarizes them The 
binary data producing section 65 groups the binarized 
-mage pattern data into the binary image pattern data 
groups of he denomination corresponding to the plural- 
rty of annular areas of the surface ofthe coin 1 based on 
t, de r° m,nat,on discrimination signal input from the 
second denomination discriminating section 63 and the 
center coordinate signal input from the center coordi- 
nate determining section 64. The binary data producing 
section 65 further obtains the number of the "0" data in 

15 !S 7 ima9e Pattem data grou P ""responding to 
each annular area, obtains the ratio of the "0" data with 
respect to all the data, produces the ratio data of each 
binary image pattern data group corresponding to each 
annulararea of the surface ofthe coin 1 andomputstte 
*> ratio data to the denomination determining section 66 

66°r?,L denominati0 " determining section 

fhl ~ « , denomi " ati ° n discrimination signal from 
the second denomination discriminating section 63 it 
accesses the third reference data memory 52 at first 

" therein 6 TT** ** " *~ ^-furSce 
the com of the corresponding denomination from the 
reference ratio data stored in the third reference data 
memory 52 in accordance with the denomination dis- 

30 tfZmi°t- S ' 9na ' inPUt fTOm the Second denomination 
Sr -ir 0 " 63 ' and COm P ares the reference 
raho data with the ratio data input from the binary data 
producmg section 65, thereby discriminating the 
denomination of the coin 1. 

n S 0591 . „ Whe " the denomination of the coin 1 is dis- 
ss cr eated, the denomination determining section 66 
cerates the absolute value Di (i =1 to n, n is the 
number of annular areas of the coin 1, which is prede- 
fined for each denomination) of the difference 
between the reference ratio data of each binary image 
<o pattern group corresponding to each annular area of the 
com 1 and the detected ratio data input from the binary 
data producmg section 65. The denomination determin- 
ing sechon 66 then determines whether or not the abso- 

*s ^ T ? °' differences be ^een the reference 
« ratio data of each binary image pattern group corre- 
sponding to each annular area of the coin 1 and the 
detected ratio data are less than a predetermined value 
DO. As a result, when the absolute values Di of the dif- 

so ZaT* ^ tWeen thS referenCe rati0 d^ of binary 
Z2f Pattern . srou P s corresponding to all annular 
areas of the com 1 and the detected ratio data are less 
than a predetermined value DO. the denomination 
determining section 66 further integrates the absolute 

55 S UCS h',°J dlfferenCeS b6tWeen the Terence ra«o 
tem dT" ^ rati ° data ° Ver 311 of ,he bi "«ry image pat- 
tern data groups corresponding to the annular areas of 
he com 1 . and determines whether or not the resufted 
integrated value I is less than a predetermined value 10 
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As a result, when the integrated value I is less than the 
predetermined value 10, the denomination determining 
section 66 determines that the coin 1 is the coin of the 
denomination determined by the second denomination 
discriminating section 63. Now; it should be noted that if 
the denomination of the coin 1 coincides with the 
denomination determined by the second denomination 
discriminating section 63, theoretically, the absolute 
value Di and the integrated value I become 0. However, 
because the surface of the coin 1 may be worn out or a 
detecting error may exist, they may not be equal to 0 
even if the determined denominations coincide. There- 
fore, in this embodiment, when Di is less than DO and, 
at the same time, I is less than 10, it is determined that 
the coin 1 is the.coin of the denomination determined by 
the second denomination discriminating section 63. 
[0060] To the contrary; when at least one absolute 
value Di of the differences between the reference ratio 
data of the binary image pattern data group correspond- 
ing to at least one of annular areas of the coin 1 and the 
detected ratio data are not less than the predetermined 
value DO, or when the absolute values Di of the differ- 
ences between the reference ratio data of all binary 
image pattern data groups corresponding to all annular 
areas of the coin 1 are less than the predetermined 
value DO and at. the same time, the integrated value I is 
not less than the predetermined value 1 0, the denomi- 
nation determining section 66 cannot determine that the 
denomination of the coin 1 is same as the denomination 
determined by the second denomination discriminating 
section 63. However, the coin 1 cannot be always fed 
such that its obverse surface faces upward and there 
are cases where the obverse surface of the coin 1 faces 
downward while it is advanced in the coin passage 2. As 
a result, there is a possibility that the surface pattern of 
the obverse surface of the coin 1 may be detected by 
the color sensor 24. Therefore, to determine that the 
coin 1 is not acceptable when the detected ratio data of 
the coin 1 do not coincide with the reference ratio data 
of the reverse surface of the coin of the denomination 
determined by the second denomination discriminating 
section 63 will significantly lower discriminating accu- 
racy. 

[0061] Thus, the denomination determining section 
66 further accesses the third reference data memory 
52, reads the reference ratio data of the obverse surface 
of the coin of the denomination determined by the sec- 
ond denomination discriminating section 63, and, in the 
exactly same manner as described above, it determines 
whether or not the absolute values Di of the differences 
between the reference ratio data of each binary image 
pattern group corresponding to each annular area of the 
coin 1 and the detected ratio data are less than a prede- 
termined value DO. When the absolute values Di of the 
differences between the reference ratio data of all the 
binary image pattern groups corresponding to each 
annular area of the coin 1 and the detected ratio data 
are less than a predetermined value DO, the denomina- 



tion determining section 66 integrates the absolute val- 
ues Di of the differences between the reference ratio 
data of all the binary image pattern groups correspond- 
ing to each annular area of the coin t, and determines 

5 whether or not the resulted integrated value I is less 
than the predetermined value 10. As a result, when the 
integrated value I is less than the predetermined value 
10, the denomination determining section 66 determines 
that the coin 1 is the coin of the denomination deter- 

70 mined by the second denomination discriminating sec- 
tion 63. 

[0062] On the other hand, when at least one of 
absolute values Di of the differences between the refer- 
ence ratio data of the binary image pattern groups cor- 

15 responding to each annular area of the obverse surface 
of the coin 1 and the detected ratio data are not less 
than a predetermined value DO, or when the absolute 
values Di of the differences between the reference ratio 
data of the binary image pattern groups corresponding 

20 to all annular areas of the obverse surface of the coin 1 
and the detected ratio data are less than a predeter- 
mined value DO and at the same time, the integrated 
value I is not less than the predetermined value 10, it 
means that, as a result of comparing the reference ratio 

25 data of the coin of the denomination whose magnetic 
properties and diameter are closest among the denom- 
inations with the detected ratio data, the surface pat- 
terns of the obverse surface and the reverse surface of 
the coin 1 are different from the surface patterns of the 

30 coin of the denomination determined by the second 
denomination discriminating section 63. Therefore, 
since the coin 1 is either a counterfeit coin or a foreign 
coin and it is determined that it is not acceptable, the 
denomination determining section 66 outputs the unac- 

35 ceptable signal to the display means (not shown) and 
causes it to display that the coin 1 is not acceptable. 
[0063] On the other hand, when the denomination 
determining section 66 determines that the coin 1 is 
acceptable, it outputs a denomination determination 

40 signal to the denomination and acceptability determin- 
ing means 56. 

[0064] After the pattern data of the lower surface of 
the coin 1 has been detected by the first pattern data 
detection unit 4, the coin is further fed downstream in 

45 the coin passage 2 by the transporting belt 6 and the 
lower surface thereof is supported by the transporting 
belt 7 disposed to project above the coin passage mem- 
ber 3 from the opening 7a formed in the coin passage 
member 3. As a result, the coin 1 is fed while it is being 

so held between the transporting belt 6 and the transport- 
ing belt 7. The coin 1 is then pressed onto the lower sur- 
face of the coin passage forming member 8i by the 
transporting belt 7 and transported to the second trans- 
parent passage portion 1 0. 

55 [0065] When the coin 1 is fed to the second trans- 
parent passage portion 10 and light erinitted from the 
light emitting element 35 of each timing sensor 37 is 
blocked by the coin 1 and the light receiving element 36 
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does not receive the light emitted from the light emitting 
element 35, timing signals are output from the timing 
se nsors 37, 37 to the light emission control means 40 
and the image reading control means 41. 
[0066] When the light emission control means 40 
receives the timing signals from the timing sensors 37, 
37, it outputs a light emission signal to the second light 
emitting means 31 based on the denomination discrim- 
ination signal from the first discriminating means 53 and 
causes the light emitting elements 30 to emit the 
amount of light that corresponds to the denomination of 
the coin 1 discriminated by the first discriminating 
means 53 toward the upper surface of the coin 1 located 
on the second transparent passage portion 1 0. 
[G067] When the image reading control means 41 
receives the timing signals from the timing sensors 37, 
37, it causes the color sensor 34 of the second image 
data producing means 32 to start detecting the light 
emitted from the light emitting elements 30 and 
reflected on the upper surface of the coin 1 . 
[0068] The amount of light emitted from the light 
emitting elements 30 is controlled by the light emission 
control means 40 based on the denomination discrimi- 
nation signal input from the first discriminating means 
53 in the exactly same manner as described above as to 
the light emitting elements 20 of the first light emitting 
means 21. 

[0069] Since the second light emitting rr.eans 31 is 
disposed so as to be able to illuminate the coin 1 which 
advances on the second transparent passage portion 
1 0 at a shallow angle, the light is reflected according to 
the raised and depressed pattern of the upper surface 
of the coin 1 . The light reflected from the surface of the 
coin 1 is directed toward the color sensor 34 by the lens 
system 33 and photoelectrically detected by the color 
sensor 34, whereby the image pattern data of the sur- 
face of the coin 1 are produced by the color sensor 34. 
The image pattern data of the surface of the coin 1 pro- 
duced by the color sensor 34 are digitized by the A/D 
converter 38. The digitized image pattern data are 
mapped and stored in the orthogonal coordinate sys- 
tem, namely, x-y coordinate system in the image pattern 
data memory 70; 

[0070] When the image pattern data of the upper 
surface of the coin 1 are stored in the image pattern 
data memory 70, the first denomination discriminating 
section 71 of the third discriminating means 55 
accesses the second reference data memory 51. It 
reads the data stored in the second reference data 
memory 51 with regard to the diameter of the coin 1 and 
also the image pattern data stored in the image pattern 
data memory 70. By comparing those data, the first 
denomination discriminating section 71 of the third dis- 
criminating means 55 determines the denomination of 
the coin 1 and outputs a denomination discrimination 
signal to the second denomination discriminating sec- 
tion 73. In this embodiment, based on the detected 
diameter of the coin 1 , the first denomination discrimi- 



nating section 71 of the third discriminating means 55 
selects two denominations, whose diameters are the 
closest and the second closest to the diameter of the 
detected coin 1 and outputs the denomination discrimi- 
5 nation signal to the second denomination discriminating 
section 73. 

[0071] The second denomination discriminating 
section 73 determines the denomination of the coin 1 
based on the denomination discrimination signal input 

70 from the first discriminating means 53 and the denomi- 
nation discrimination signal input from the first denomi- 
nation discriminating section 71 of the third 
discriminating means 55. When the determined results 
of the first discriminating means 53 and the first denom- 

15 ination discriminating section 71 of the third discriminat- 
ing means 55 coincide, the second denomination 
discriminating section 73 outputs a denomination dis- 
crimination signal to the coin damage discriminating 
section 72, the binary data producing section 75 and the 

20 denomination determining section 76. When they do not 
coincide, the coin 1 is a counterfeit coin or a foreign coin 
and, therefore, it determines that it is not acceptable 
and an unacceptable signal is output to the display 
means 58. 

25 [0072] The coin damage discriminating section 72 
reads the image pattern data of the upper surface of the 
coin 1 stored in the image pattern data memory 70 and 
calculates the chromaticity data and the lightness data 
of the coin 1 based on the R, G and B data in the image 

30 pattern data. Further, the coin damage discriminating 
section 72 accesses the second reference data memory 
51, reads, based on the denomination discrimination 
signal input from the second denomination discriminat- 
ing section 73, the reference chromaticity data and the 

35 reference lightness data of the coin having the denomi- 
nation discriminated by the second denomination dis- 
criminating section 73 and compares the reference 
chromaticity data and the reference lightness data read 
from the second reference data memory 51 with the cal- 

40 culated chromaticity data and lightness data of the coin 
1 , thereby discriminating whether or not the coin 1 is 
damaged to higher than a predetermined level. When 
the coin damage discriminating section 72 determines 
that the coin 1 is damaged to higher than a predeter- 

45 mined Jevel, it outputs a damage determination signal to 
the denomination and acceptability discriminating 
means 56. At the same time, the coin damage discrimi- 
nating section 52 outputs the damage determination 
signal to the display means 58 and cause it to display 

so that the coin 1 is damaged to higher than a predeter- 
mined level. 

[0073] On the other hand, the center coordinate 
determining section 74 determines the center coordi- 
nate of the image pattern data mapped and stored in 
55 the orthogonal coordinate system, namely, the x-y coor- 
dinate system, and stored in the image pattern data 
memory 70 and outputs the center coordinate to the 
binary data producing section 75. The binary data pro- 
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ducing section 75 reads the image pattern data of the 
upper surface of the coin 1 mapped and stored in the 
image pattern data memory 70 and binarizes them. The 
binary data producing section 75 groups the binarized 
image pattern data into the binary image pattern data 
groups of the denomination corresponding to the plural- 
ity of annular areas of the surface of the coin 1 based on 
the denomination discrimination signal input from the 
second denomination discriminating section 73 and the 
center coordinate signal input from the center coordi- 
nate determining section 74. The binary data producing 
section 75 further obtains the number of the "0" data in 
each binary image pattern data group corresponding to 
each annular area, obtains the ratio of the "0* data with 
respect to all the data, produces the ratio data of each 
binary image pattern data group corresponding to each 
annular area of the surface of the coin 1 and outputs the 
ratio data to the denomination determining section 76. 
[0074] When the denomination determining section 
76 receives the denomination, discrimination signal from 
the second denomination discriminating section 73, it 
accesses the third reference data memory 52, reads the 
reference ratio data of the obverse and reverse surfaces 
of the coin of the corresponding denomination from the 
reference ratio data stored in the third reference data 
memory 52 in accordance with the denomination dis- 
crimination signal input from the second denomination 
discriminating section 73, and compares the reference 
ratio data with the ratio data input from the binary data 
producing section 75, thereby discriminating the 
denomination of the coin 1 in the exactly same manner 
as described above as to the denomination determining 
section 66 of the second discriminating means 54. 
[0075] As a result, when the denomination deter- 
mining section 76 determines that the coin 1 is a coun- 
terfeit coin or a foreign coin and that it is not acceptable, 
it outputs an unacceptable signal to the display means 
58 and causes it to display that the coin 1 is not accept- 
able. On the other hand, when the denomination deter- 
mining section 76 determines that the coin 1 is 
acceptable, it outputs a denomination determination 
signal to the denomination and acceptability determin- 
ing means 56. 

[0076] The denomination and acceptability deter- 
mining means 56 makes the discrimination of the coin 1 
based on the denomination discrimination signal input 
from the first discriminating means 53 and based on the 
magnetic properties of the coin 1 , the denomination dis- 
crimination signal input from the denomination deter- 
mining section 66 of the second discriminating means 

54 and based on the diameter data and the image pat- 
tern data of the coin 1 , the presence of the damage dis- 
crimination signal input from the coin damage 
discriminating section 62 and based on the chromaticity 
data and the lightness data of the coin 1 , the denomina- 
tion discrimination signal input from the denomination 
determining section 76 of the third discriminating means 

55 and based on the diameter data and the image pat- 



tern data of the coin 1 and the presence of the damage 
discrimination signal input from the coin damage dis- 
criminating section 72 and based on the chromaticity 
data and the lightness data of the coin 1. When the 

5 denomination and acceptability determining means 56 
finds that the denominations determined by the first dis- 
criminating means 53, the second discriminating means 
54 and the third discriminating means 55 coincide with 
each other, it discriminates that the coin 1 is acceptable. 

io On the other hand, when they do not coincide with each 
other, the denomination and acceptability determining 
means 56 discriminates that the coin 1 is either a coun- 
terfeit coin or a foreign coin and is not acceptable and 
outputs an unacceptable signal to the display means 58 

75 to cause it to display that the coin 1 is not acceptable. 
More specifically, for example, when the second dis- 
criminating means 54 discriminates that the pattern 
data of the lower surface of the coin 1 coincide with the 
reference pattern of the obverse surface of a coin of a 

20 certain denomination and the third, discriminating 
means 55 determines that the pattern data of the upper 
surface of the coin 1 coincide with the reference pattern 
of the reverse surface of the coin of the denomination or 
in the case where Euro coins are to be discriminated, 

25 when one of the second discriminating means 54 and 
the third discriminating means 55 discriminates that a 
common pattern is formed on one side surface of the 
coin 1 and the other of the second discriminating means 
54 and the third discriminating means 55 discriminates 

30 that a pattern peculiar to an issuing country is formed on 
the other side surface of the coin 1 , the denomination 
and acceptability determining means 56 determines 
that the coin 1 is acceptable only when the denomina- 
tion of the coin 1 determined by the second discriminat- 
es ing means 54 and the third discriminating means 55 
coincides with the denomination of the coin 1 deter- 
mined by the first discriminating means 53 and deter- 
mines that the coin 1 is the coin of the denomination 
determined by the first discriminating means 53, the 

40 second discriminating means 54 and the third discrimi- 
nating means 55. Otherwise, the denomination and 
acceptability determining means 56 determines that the 
coin 1 is an unacceptable coin. 

[0077] In this manner, coins discriminated as unac- 
45 ceptable are sorted and collected separately from coins 
discriminated as acceptable. Further, even though it is 
discriminated that a coin is acceptable, when it is dis- 
criminated that at least one surface thereof is damaged 
to higher than a predetermined level, it is collected sep- 
50 arately from coins discriminated as acceptable. 

[0078] In the above described embodiment, in the 
region of the first pattern data detection unit 4; a coin 1 
is transported while it is being pressed onto the upper 
surface of the first transparent passage portion 9 
55 formed in the coin passage member 3 by the transport- 
ing belt 6 and is irradiated via the first transparent por- 
tion 9 with light emitted from the light emitting elements 
20 disposed below the coin passage member 3 and 
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light reflected from the lower surface of the coin 1 is 
photoelectrical^ detected by the color sensor 24, 
thereby producing pattern data of the lower surface of 
the coin 1 . Further, the coin 1 is transported while the 
lower surface thereof is being supported by the trans- 5 
porting belt 7 disposed to project above the coin pas- 
sage member 3 from the opening 7a formed in the coin 
passage member 3 so that it is being pressed onto the 
lower surface of the coin passage forming member 8 
provided above the transporting belt 7 and is irradiated 10 
via the second transparent passage portion 10 formed 
in the coin passage forming member 8 with light emitted 
from the light emitting elements 30 disposed above the 
coin passage forming member 8 and light reflected from 
the upper surface of the coin 1 is photoelectrical^ 15 
detected by the color sensor 34, thereby producing pat- 
tern data of the upper surface of the coin 1 . Therefore, 
according to the above described embodiment, it is pos- 
sible to detect optical patterns of both surfaces of a coin 
1 in a desired manner while the coin 1 is being trans- 20 
ported and to discriminate, based on the thus obtained 
pattern data of both surfaces of the coin 1, whether or 
not the coin 1 is acceptable, the denomination of the 
coin 1 and damage degree of the coin 1 . 
10079] Further, according to the above described 25 
embodiment, patterns of both surfaces of the coin 1 are 
detected for discriminating whether or not the coin 1 is 
acceptable. Therefore, it is possible to sort coins such 
as Euro coins on one surface of which a common pat- 
tern is formed and on the other surface of which a differ- 30 
ent pattern is formed depending upon the issuing 
countries, into coins of each issuing country, as occa- 
sion demands. Further, since patterns of both surfaces 
of a coin 1 are detected for discriminating whether or not 
the coin 1 is damaged to higher than a predetermined 35 
level, it is possible to reliably discriminate the coin one 
of the surfaces of which is damaged to higher than a 
predetermined level as a damaged coin and collect it. 
[0080] Furthermore, according to the above 
described embodiment, the first discriminating means 40 
53 discriminates the denomination of a coin 1 based on 
magnetic properties of the coin 1 detected by the mag- 
netic sensors 12, 12, the first denomination discriminat- 
ing section 61 of the second discriminating means 54 
discriminates the denomination of the coin 1 based on 45 
the diameter of the coin 1 and the second denomination 
discriminating section 63 of the second discriminating 
means 54 is constituted so as to tentatively determine 
^the denomination of the coin 1 based on the discriminat- 
ing results made by the first discriminating means 53 so 
and the first denomination discriminating section 61 of 
the second discriminating means 54. The denomination 
determining section 66 of the second discriminating 
means 54 discriminates the denominatbn of the coin 1 
by comparing the pattern data of the coin 1 with only the 55 
reference data of the coin of the denomination deter- 
mined by the first denomination discriminating section 
61 of the second discriminating means 54 and the third 



discriminating means 55 discriminates the denomina- 
tion of the coin 1 in the same manner as in the second 
discriminating means 54. Whether or not the coin 1 is 
acceptable and the denomination of the coin 1 are 
finally discriminated based on the discriminating results 
made by the first discriminating means 53, the second 
discriminating means 54 and the third discriminating 
means 55. Therefore, it is possible to shorten the time 
required to make discrimination of coins and discrimi- 
nate whether or not the coin 1 is acceptable and the 
denomination of the coin 1 with high accuracy in com- 
parison with the case where the coin discrimination is 
made by comparing the pattern data of the coin 1 with 
reference data of coins of all denominations. 
[0081] Moreover, according to the above described 
embodiment, when the light reflectivity of the material 
constituting the coin 1 is low, control is effected such 
that the amount of light emitted from the light emitting 
elements 20, 30 which illuminates the coin 1 is 
increased, and when the light reflectivity of the material 
constituting the coin 1 is high, control is effected such 
that the amount of light emitted from the light emitting 
elements 20, 30 which illuminates the coin 1 is 
decreased. As a result irrespective of the material, i.e., 
whether or not the coin 1 is made of a material having a 
high or low light reflectivity, it is always possible to pro- 
duce the binary data in accordance with the surface pat- 
tern of the coin 1 and accurately determine the 
denomination of the coin 1 and whether or not the coin 
1 is acceptable. Further, by comparing the obtained 
data by calculating the ratio of the "0" data in each pat- 
tern data group corresponding to each annular area of 
the coin 1 with the reference ratio data obtained in 
advance, the denomination of the coin 1 and whether or 
not the coin 1 is acceptable are determined. Therefore, 
even in the case where the coin 1 is rotated with respect 
to the reference position, without rotating the resulted 
pattern data of the coin 1 in order to compare with the 
reference pattern data, it is possible to determine the 
denomination of the coin 1 and whether or not the coin 
1 is acceptable in a shorter time. 

[0082] Figure 6 is a schematic longitudinal cross- 
sectional view of a coin discriminating apparatus which 
is another preferred embodiment of the present inven- 
tion. 

[0083] As shown in Figure 6, in the coin discriminat- 
ing apparatus according to this embodiment, the coin 
passage member 3 is cut off over a region extending 
from an upstream portion of the second pattern data 
detection unit 5 to a downstream portion thereof and a 
transporting belt 7 is provided there so as to be dis- 
posed above the upper surface of the coin passage 
member 3. Therefore, a coin 1 which has been trans- 
ported by the transporting belt 6 while the lower surface 
thereof has been supported by the upper surface of the 
coin passage member 3 is fed to the second pattern 
data detection unit 5 while the lower surface thereof is 
being supported by the transporting belt 7. 
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[0084] When pattern data of the upper surface of 
the coin 1 are detected by the second pattern data 
detection unit 5, the coin 1 is further fed downstream in 
the coin passage 2 while it is being pressed onto the 
upper surface of the coin passage member 3 by a trans- 
porting belt 39. 

[0085] In this embodiment, in the region of the first 
pattern data detection unit 4, a coin 1 is transported 
while it is being pressed onto the upper surface of the 
first transparent passage portion 9 formed in the com 
passage member 3 by the transporting belt 6 and is irra- 
diated via the first transparent portion 9 with light emit- 
ted from the light emitting elements 20 disposed below 
the coin passage member 3 and light reflected from the 
lower surface of the coin 1 is photoelectrical^ detected 
by the color sensor 24, thereby producing pattern data 
of the lower surface of the coin 1 . Further, the coin 1 is 
delivered from the coin passage member 3 onto trans- 
porting belt 7 and transported while the lower surface 
thereof is being supported by the transporting belt 7 so 
that it is being pressed onto the lower surface of the coin 
passage forming member 8 provided above the trans- 
porting belt 7 and is irradiated via the second transpar- 
ent passage portion 10 formed in the coin passage 
forming member 8 with light emitted from the light emit- 
ting elements 30 disposed above the coin passage 
forming member 8 and light reflected from the upper 
surface of the coin 1 is photoelectrically detected by the 
color sensor 34, thereby producing pattern data of the 
upper surface of the coin 1 . Therefore, according to the 
above described embodiment, it is possible to detect 
optical patterns of both surfaces of a coin 1 in a desired 
manner while the coin 1 is being transported and to dis- 
criminate, based on the thus obtained pattern data of 
both surfaces of the coin 1 , whether or not the coin 1 is 
acceptable, the denomination of the coin 1 and damage 
degree of the coin 1. 

[0086] The present invention has thus been shown 
and described with reference to specific embodiments. 
However, it should be noted that the present invention .s 
in no way limited to the details of the described arrange- 
ments but changes and modifications may be made 
without departing from the scope of the appended 

claims. ., 
[0087J For example, in the above described embod- 
iments the denomination of a coin 1 and whether or not 
a coin 1 is acceptable are discriminated by comparing 
ratio data obtained by photoelectrically detecting pat- 
terns of both surfaces of the coin 1 and calculating a 
ratio of the "0" data in each pattern data group corre- 
sponding to each annular area with the reference ratio 
data determined in advance. However, instead, as 
taught in U.S. Patent No. 5,538,123, it is possible to dis- 
criminate whether or not the coin 1 is acceptable and 
the denomination of the coin 1 by mapping pattern data 
of each surface of the coin 1 mapped and stored in the 
x-y coordinate system into an r-6 coordinate system, 
thereby producing r-0 coordinate pattern data of each 



surface of the coin 1 and effecting pattern matching 
between them and reference pattern data of the com of 
each denomination mapped into the r-6 coordinate sys- 
tem and stored in a memory. 
5 [0088] Further, in the above described embodi- 
ments, whether or not a coin 1 is acceptable, the 
denomination of a coin 1 and the damage degree of 
both surfaces of a coin 1 are discriminated by the first 
pattern data detection unit 4 and the second pattern 
10 data detection unit 5. However, as disclosed in Japa- 
nese Patent Application No. 11-11 8277, it is possible to 
discriminate only whether or not a coin 1 is acceptable 
and the denomination of a coin 1 using a monochro- 
matic type CCD instead of the color sensor 24 of the 
is first pattern data detection unit 4 and a monochromatic 
type CCD instead of the color sensor 34 of the first pat- 
tern data detection unit 5 and to discriminate damage 
degree of a coin 1 by providing a first coin damage 
degree discriminating unit for discriminating damage 
20 degree of the upper surface of a coin 1 and a second 
coin damage degree discriminating unit for discriminat- 
ing damage degree of the lower surface of a coin 1 in 
the coin passage 2 downstream of the second pattern 
data detection unit 5. In this case, it is possible to con- 
25 strtute the region of the first coin damage degree dis- 
criminating unit similarly to the region of the first pattern 
data detection unit 4, so as to form a third transparent 
passage portion in the coin passage member 3 consti- 
tuting the lower surface of the coin passage 2 so that a 
30 coin 1 is transported while it is being pressed onto the 
upper surface of the coin passage member 3 by a trans- 
porting belt provided above the coin passage member 3 
and provide, below the third transparent passage por- 
tion a white light source for illuminating white light onto 
35 the lower surface of the coin 1 via the third transparent 
passage portion and a single-element type color sensor 
for detecting light emitted from the white light source 
and reflected from the lower surface of the coin 1 , and to 
constitute the region of the second coin damage degree 
AO discriminating unit so as to support the lower surface of 
the coin 1 by a transporting belt provided to project 
upward from an opening formed in the coin passage 
member 3 or a transporting belt provided in a portion 
where the coin passage member 3 is cut off and d.s- 
45 posed above the upper surface of the coin passage 
member 3, form a fourth transparent passage portion in 
the coin passage forming member 8 provided above the 
transporting belt, press the coin 1 onto the lower surface 
of the coin passage forming member 8; thereby trans- 
so porting it and provide, above the fourth transparent pas- 
sage portion, a white light source for illuminating white 
light onto the upper surface of the coin .1. via the fourth 
transparent passage portion and a single-element type 
color sensor for detecting light emitted from the white 
55 light source and reflected from the upper surface of the 
coin 1 , whereby damage degree of each surface of the 
coin 1 can be discriminated by producing chromaticity 
data and lightness data based on color data of each sur- 
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face of the coin 1 and comparing them with the refer- 
ence chromaticity data and the reference lightness data 
of coins of each denomination. 

[0089] Furthermore, in the above described 
embodiments, whether or not a coin 1 is acceptable the s 
denomination of a coin 1 and the damage degree of 
both surfaces of a coin 1 are discriminated by the first 
pattern data detection unit 4 and the second pattern 
data detection unit 5. However, as disclosed in Japa- 
nese Patent Application No. 11-n 8277, it is possible to io 
discriminate only whether or not a coin 1 is acceptable 
and the denomination of a coin 1 using a monochro- 
matic type CCD instead of the color sensor 24 of the 
first pattern data detection unit 4 and a monochromatic 
type CCD instead of the color sensor 34 of the first pat- is 
„ tern data detection unit 5 and provide, in the coin pas- 
sage 2 downstream of the second pattern data 
detection unit 5, a first coin damage degree discriminat- 
ing unit for discriminating damage degree of the lower 
surface of the coin 1 , the first coin damage degree dis- 20 
cr.rn.nat.ng unit comprising a photosensor, a first LED 
light source for emitting light corresponding to R compo- 
nent, a second LED fight source for emitting light corre- 
sponding to G component and a third LED light source 
for emitting fight corresponding to B component, the first 25 

if? S0Urce, the SeCOnd LED "9 ht source a "d the 
third LED light source being disposed around the photo- 
sensor and spaced from each other by 120 degrees 
and a second coin damage degree discriminating unit 
for discriminating damage degree of the upper surface 30 
of the coin 1, the second coin damage degree discrimi- 
nating unit comprising a photosensor, a first LED light 
source for emitting light corresponding to R component 
a second LED light source for emitting light correspond- 
ing to G component and a third LED light source for 35 
em.tt.ng light corresponding to B component, the first 
if? 'f 1 sounce - the second LED light source and the 
third LED light source being disposed around the photo- 
sensor and spaced from each other by 120 degrees In 
this case, it is possible to constitute the region of the first 40 
coin damage degree discriminating unit similarly to the 
region of the first pattern data detection unit 4, so as to 
form a third transparent passage portion in the coin pas- 
sage member 3 constituting the lower surface of the 
com passage 2 so that a coin 1 is transported while it is 45 
being, pressed onto the upper surface of the coin pas- 
sage member 3 by a transporting belt provided above 
the com passage member 3 and to constitute the region 
of the second coin damage degree discriminating unit 
so as to support the lower surface of the coin 1 by a so 
transporting belt provided to project upward from an 
open.ng formed in the coin passage member 3 or a 
transporting belt provided in a portion where the coin 
passage member 3 is cut off and disposed above the 
upper surface of the coin passage member 3, form a 55 
fourth transparent passage portion in the coin passage 
forming member 8 provided above the transporting belt 
press the coin 1 onto the lower surface of the coin pas- 



sage forming member 8. thereby transporting ft, and 
damage degree of each surface of the coin 1 can be dis- 
criminated by producing chromaticity data and lightness 
data based on R data, G data and B data of each sur- 
face of the coin 1 produced by actuating the first LED 
light source, the second LED light source and the third 
LED light source in the region of the first coin damage 
degree discriminating unit and the first LED light source 
the second LED light source and the third LED light 
source in the region of the second coin damage degree 
dominating unit in a time-sharing manner, respec- 
tively, and detecting light reflected from each surface of 
the com 1 by the photosensor, and comparing them with 
the reference chromaticity data and the reference light- 
ness data of coins of each denomination. 
[0090] Moreover, in the above described embodi- 
ments, although the first pattern data detection unit 4 is 
provided upstream of the second pattern data detection 
unit 5 with respect to the transporting direction of the 
coin 1 , it is not absolutely necessary to provide the first 
pattern data detection unit 4 upstream of the second 
pattern data detection unit 5 and the first pattern data 
detection unit 4 may be provided downstream of the 
second pattern data detection unit 5. Similarly, in the 
case where a first coin damage degree discriminating 
unit and a second coin damage degree discriminating 
unit are provided in the coin passage 2 downstream of 
the first pattern data detection unit 4 and the second 
pattern data detection unit 5, the first coin damage 
degree discriminating unit may be provided upstream of 
the second coin damage degree. discriminating unit or 
the second coin damage degree discriminating unit may 
be provided upstream of the first coin damage degree 
discnminating unit. NameV, it is possible to arbitrarily 
determine the positional relationship between the first 
pattern data detection unit 4 and the second pattern 
data detection unit 5 and the positional relationship 
between the first coin damage degree discriminating 
unit and the second coin damage degree discriminating 

[0091] Further, in this specification and the 
appended claims, the respective means need not nec- 
essarily be physical means and arrangements whereby 
the functions of the respective means are accomplished 
by software fall within the scope of the present inven- 
tion. In addition, the function of a single means may be 
accomplished by two or more physical means and the 
functions of two or more means may be accomplished 
by a single physical means. 

[0092] According to the present invention, ft is pos- 
sible to provide a coin discriminating apparatus capable 
of discriminating whether or not coins are acceptable- 
and the denominations of coins with high accuracy even 
when the coins has a common pattern on one side sur- 
face thereof but a different pattern on the other side sur- 
face thereof like Euro coins. 

[0093] Further, according to the present invention it 
is possible to provide a coin discriminating apparatus 
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capable of discriminating whether or not coins are danv 
aged to higher than a predetermined level with high 
accuracy. 

Claims 



A coin discriminating apparatus comprising a com 
passage member for supporting a lower surface . of 
a coin a first transporting belt disposed above the 
coin passage member adapted for forming a com 
passage between the coin passage member and 
itself and holding the coin between the com pas- 
sage member and itself, thereby transports it, a 
first light source for emitting light via a first transpar- 
ent passage portion formed in the co.n passage 
member toward the lower surface of the com being 
transported on the coin passage member, f irst light 
recelg means for photoelectrically detectmg ght 

emitted from the first light source and reflected from 
the lower surface of the coin via the first transparent 
portion and producing image pattern data of the 
lower surface of the coin, a second transporting belt 
for supporting the lower surface of the com_ a com 
passage forming member disposed above the sec 
end transporting bett for forming the coir . passage 
between the lower surface thereof and the second 
transporting belt and holding the com between the 
Ler'surface thereof and the second transportmg 
belt, thereby transporting it, a second light source 
for emitting light via a second transparent passage 
portion formed in the coin passage forming mem- 
ber toward an upper surface of the coin being , sup^ 
ported and transported by the second transporting 
belt, second light receiving means for Photoelectri- 
cal* detecting light emitted from the second I hght 
source and reflected from the upper surface of the 
coin via the second transparent portion and produc 
ing image pattern data ol the upper surface of the 
coin, first pattern data storing means for storing the 
image pattern data of the lower surface of the coin 
produced by the first light receiving means, second 
pattern data storing means for storing the image 
pattern data of the upper surface of the co.n pro- 
duced by the second light receiving means, refer- 
ence pattern data storing means for storing 
reference pattern data of coins of each *°*onm* 
tion discriminating means for comparing the image 
pattern data of the lower surface of the com stored 
in the first pattern data storing means wrth the refer- 
ence pattern data of coins of each denomination 
stored in the reference pattern data storing means 
and comparing the image pattern data of the upper 
surface of the coin stored in the second pattern 
data storing means wrth the reference pattern data 
of coins of each denomination stored in the refer- 
ence pattern data storing means, thereby discrim, 
nating whether or not the coin is acceptable and the 
denomination of the coin. 



2 A coin discriminating apparatus in accordance wrth 
Claim 1 wherein the second transporting belt is pro- 
vided so as to project upward from an opening 
formed in the coin passage member. 

3 A coin discriminating apparatus in accordance with 
Claim 1 wherein the coin passage member is cut ott 
in the region of the second transporting belt. 

A coin discriminating apparatus in accordance with 
any one of Claims 1 to 3 wherein the first light 
source is disposed upstream of the second light 
source with respect to a coin transporting direction. 

A coin discriminating apparatus in accordance with 
any one of Claims 1 to 3 wherein the first Ugh 
source is disposed downstream of the second light 
source with respect to a coin transporting direct.on. 

A coin discriminating apparatus in accordance with 
any one of Claims 1 to 5 wherein the first light 
receiving means and the second light receiving 
means are constituted as monochromatic type sen- 
sors and which further comprises a third transport- 
ing belt for holding the coin between the coin 
passage member and itself, thereby transporting it. 
a third light source for emitting light toward the 
lower surface of the coin being transported on the 
coin passage member by the third transporting bett 
via a third transparent passage portion formed in 
the coin passage member, third light receiving 
means for photoelectrical* detecting light ^ emitted 
from the third light source and reflected from the 
lower surface of the coin via the third ^parent 
passage portion and producing color data of the 
Ler surface of the coin, a fourth transporting belt 
for supporting the lower surface of the coin, a com 
passage forming member disposed above the 
fourth transporting belt for forming the coin passage 
between the lower surface thereof and the fourth 
transporting belt and holding the coin between the 
lower surface thereof and the fourth transporting 
belt, thereby transporting it. a fourth light source for 
emitting light toward the upper surface of the com 
being supported and transported by the fourth 
transporting belt via a fourth transparent passage 
portion, fourth light receiving means for photoe ec- 
trically detecting light emitted from the fourth light 
source and reflected from the upper surface of the 
coin via the fourth transparent passage portion and 
producing color data of the upper surface of the 
coin, first color data storing means for storing color 
data of the lower surface of the coin Produced by 
the third light receiving means, second \ co\o data 
55 storing means for storing color data of the upper 
surface of the coin produced by the fourth light 
Reiving means, and reference color data stonng 
means for storing color data of coins of each 
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denominator,, the discriminating means being con- 
futed so as to compare the color data of the lower 
surface of the coin stored in the first co.or data ster- 
■ng means with the reference co.or data of coins o, 
each denom.nat.on stored in the reference color 
data stonng means and compare the color data of 
the upper surface of the coin stored in the second 
color data storing means with the reference color 

Senlr'^ °? aCh denominati °" *°red the 
reference color data storing means, thereby dis- 
cr.mmat.ng damage degree of the coin. 

QalT fi diSC h riminatin9 aPPar9tUS in a ~ordance with 
Cla.m 6 where.n the fourth transporting be,, is pro - 

,;: d ;° as ,o p r °*<* ^d *** an open^ 

formed ,n the coin passage member. 9 

cSZsT min T 9 aPParatUS a «=-dance with 
Cla.m 6 where.n the coin passage member is cut off 
m the reg,on of the fourth transporting belt. 

any one of Cla.ms 6 to 8 wherein the third light 
soume ,s disposed upstream of the fourth gh 
source wrth respect to a coin transporting direction 

10 " anv 0 ^ a f» s * accordance with 
any one of Cla.ms 6 to 8 wherein the third liqh, 
source ,s disposed downstream of the fourth ligh 
source wrth respect to a coin transporting di^'on 
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